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relation signal generated by nonlinear wave mixing. As discussed in Ref. 2, nonlinear wave mixing has the following disadvantages: (1) To measure sub-50-fs pulses, a crystal as thin as several tens of micrometers is required to avoid dispersion-induced pulse broadening and to ensure a sufficiently broad phasematching bandwidth. (2) Wave mixing in thin nonlinear crystals is intrinsically an inefficient process. This sets a limit on the sensitivity. We developed a phase-retrieval waveform measurement technique by using only photodiodes. Because the nonlinear signal was obtained from two-photon-induced photocurrent,2 the above disadvantages were eliminated.
The experimental set-up is shown in Fig. 1 . When the optical delay line is scanned, the output of the linear silicon photodiode oscillates at a period of X/2. The oscillating signal is the field autocorrelation GI(?). In the mean time the output from the GaAsP two-photon photodiode oscillates at a period of X/4. The oscillating signal is the second-harmonic field autocorrelation FSH(7):
The X/4 oscillating signal sits on a slowly vary ing background, which is the intensity autocorrelation G2(7). After Fourier transformation, G1 (7) gives IE(o)l, the power spectrum of E(t); G2(7) gives (I(w)(, the power spectrum of I(t); and FSH (7) gives IU(o)l, the power spectrum of E2(t). It has been shown that IE((t')l, II(o)l, and IU(o) formation to determine the field distribution E(t), up to the time-reversal ambig~ity.~ Our phase-retrieval algorithm starts from the measured IE(o)l and an initial guess of the phase +(o), which generate the trial field Ei(t). From Ei(t) we calculate I i ( o ) and Ui(w). By retaining their phases while replacing the calculated ]I,(w)l and IUi(w)l with measured data, we approach the actual E(t) by iteration. Near the end of iteration, when the improvement slows down, we speed up the convergence by using the functional derivative with respect to +(U) to minimize the difference between the calculated and the measured G,(T) and FSH(7).
We use pulses synthesized from a transform-limited Kerr-lens mode-locked Ti: sapphire laser to verify the effectiveness of this method. Figure 2 shows the intensity and phase of the pulses after propagating through 2.5-cm BK7 glass. The measured phase curvature and the change of pulse duration agree well with the expected waveform calculated from dispersion data. To show the capability of the method in measuring complex waveforms, we use a double-peak waveform, which is known to be a difficult case for FROG,4 for the test. The double-peak pulses are synthesized by splitting the pulses at a 1:7 power ratio, delaying the smaller one by 150 fs, passing the larger one through 2.5-cm BK7 glass, then recombining them before the measurement. Figure 3 shows the retrieved double-peak waveform. The errors of the retrieved power ratio and delay are less than 4%.
The sensitivity of this method is great enough for measuring the waveform of nanojoule pulses stretched to hundreds of picoseconds. This makes it a convenient tool for characterizing amplifier seeds and synthesized pulses. The set-up is also simple enough that the whole system can be fabricated as a standard part of femtosecond lasers. In this contribution we present a new method of deciphering the pulse structure from the intensity autocorrelation trace AC (7) and the intensity spectrum S(o). We show that such a set of data is sufficient to restore the intensity and phase of a femtosecond pulse except for the typical uncertainties concerning the time shift and direction. The main feature of the proposed method is its robustness and swift convergence. Unlike a two-step pulse reconstruction,* our algorithm employs the time-and frequency-domain data simultaneously, which in general3 provides a much faster convergence.
The input data are converted into two arrays each containing Ndata points (Fig. 1) . The iterative algorithm attempts to obtain the best match for the measured autocorrelation trace by varying the spectral phase cp(w). The rms difference 6 (the algorithm error) between the input autocorrelation trace and the one computed for the current guess of q(o) is minimized by Davidon-Fletcher-Powell variable metric m e t h~d .~ A successful convergence of the iterative algorithm results in the complete amplitude and phase reconstruction of the pulse. The proposed method is incredibly fast because it employs one-dimensional Fourier transforms.
To prevent possible algorithm stagnation, we represent spectral phase (nodes). Resampling of the nodes provides a boost necessary to avoid algorithm stagnation. Consequently, the algorithm can be initiated with a modest amount of nodes since it self-adjusts to the complexity of the pulse by automatic run-time incrementing of m. The influence of each node on cp(o) is localized to the two adjacent spline segments on each side ofthe node. Thus, the required for minimization independence of m parameters and the continuity of cp(o) are both achieved at the same time.
We applied the developed method to characterize in real time the output of a 10-fs Ti: sapphire oscillator. The different pulse shapes were tailored by manipulating dispersion outside the cavity. The autocorrelations were measured by using two-photon-induced current in a GaAsP photodiode5 to provide adequately broadband second-order response. All reconstructed pulses correspond very well to the results ofindependent SHG FROG characterization. As an example, Fig. 2 shows the case of a strong satellite structure on the pulse, which has been shown to confuse the earlier algorithm.2
We also address the experimental and numerical issues, such as spectral fdtering in the autocorrelator, the required dynamic range and signal-to-noise ratio, convergence stability and the choice of initial guess. 1. D.J. Kane and R. Trebino, IEEE J. Quantum electron. 29,571 (1993 The nonlinear optical properties of organic materials have been thoroughly studied with views to the basic understanding of its physical origin as well as to their application in photonic devices. It is the a-electron delocalization in organic molecules that leads to high molecular hyperpolarizabilities and large nonlinear susceptibilities.
Retinal-a molecular structure related to vitamin A-and its derivatives belong to a family of molecules that plays a prevalent role in photobiological processes.' For instance, the primary event of vision mechanism in animals is associated to the cis to trans isomerization of the retinal molecule. Toto and coworkersz have predicted that this conformational change should be accompanied by a noticeable change in the hyperpolarizability of the molecules since the more linear character of the trans conformation should favor the delocalization of the a-electrons in the conjugated system.
We used the Z-scan technique3 to determine the nonlinear refractive index, nz, and the nonlinear absorption coefficient, cy2, of 13-cis retinal aldehyde (13CRA), 13-cis retinoic acid (ISCAR), all-trans retinal aldehyde (ATRA) and all-trans retinoic acid (ATAR), and then infer the change in the nonlinearity due to a conformational dependence. The second harmonic of a cw pumped Q-switched and mode-locked Nd:YAG laser delivering pulses of 70 ps (FWHM) at 532 nm was used. A single pulse at 10 Hz was selected using a "pulse picker." From the measured values of nz and cy2 we have determined the values of x (~) and, therefore, of the second hyperpolarizability, y. This is achieved through x (~) = Nf4y, where f is a local field correction factor and N is the number of molecules per unit volume.
The molecular structures of the retinal derivatives are shown in Fig. l(a) . To get a better understanding of the microscopic origin of the nonlinearity, we have compared our experimentally measured values of y with those resulting from an AM1-TDHF quantumchemical calculation for the molecules studied in this work, and found a general agreement between the experimental and theoretical trends as shown in Fig. l(b) . For both retinal aldehyde and retinoic acid the hyperpolariz- abilities of the trans molecules are greater than those of the corresponding cis isomer, a result that can be understood considering the more linear character of the trans conformation, as theoretically predicted., Temporal measurements using the Optical Kerr Gate method were performed with 60 fs pulses from a TkSapphire laser operating at 800 nm. The results indicate that the response time of the material is shorter than 60 fs ( 
